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ONE-PHASE HIGH-TENSION POWER TRANSMISSION. 

BY E . J. Y O U N G . 

The recent advance in Europe of the Thury direct-current 
system of power transmission demonstrates the fact that 
unless an alternating-current system approaching it in 
simplicity of design and economy of material is developed, it 
is only a question of time before the high-tension direct current 
will gain a footing upon this continent. Consequently, the 
writer proposes a high-tension one-phase system having several 
desirable features not in common with either the direct-current 
or the three-phase system. 

While the present three-phase system is more flexible than the 
direct current, it is more complicated, and requires a con
siderably greater outlay for transmission material. The ordinary 
one-phase system is simpler than either of these two, but 
requires 25% more copper than the three-phase system and a 
proportionately greater amount than direct current. Then again, 
considering the strain upon the insulators as a standard of compari
son, the fundamental difference between direct- and alternating-
current systems gives the former an advantage that no alternat
ing-current system can overcome. 

In Fig. 1 is shown a general outline of the proposed one-phase 
system. One-phase generating apparatus is supplying energy 
to step-up transformers—for convenience only one is indicated. 

The center of the high-tension windings is permanently 
grounded, thereby reducing the electromotive force from line to 
ground to one-half that between the line wires, and in so doing 
placing one-phase transmission at least on a par with three phase 
in the matter of economy of copper. At the receiving end the 
step-down apparatus is similar to that at the power station, the 
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center of all high-tension windings being grounded. At the sub
station there is a motor-generator set consisting of a one-phase 
synchronous motor and a three-phase power and lighting gener
ator. The set is started by an ordinary one-phase series motor 
operated by current from an autotransformer connected across 
the secondaries of the step-down transformers. The exciter 
may be on the motor-generator shaft as in Fig. 1, or operated by 
a separate motor, as best suits the conditions. 

An example will probably serve to illustrate the comparison 
between the different systems, especially those by alternating 
current. Therefore it is proposed to transmit 15,000 kw., 100 
miles with 10% loss. The electromotive force to be 50 kilovolts 
from line to ground at the receiving end, and the alternating-
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current frequency to be 30 cycles. The following conditions 
for the three-phase line are assumed: 

Power-factor = 0.9. 
Star-connected transformers with grounded neutral. 
Electromotive force to ground = 50 kilovolts. 
Electromotive force across line = 50X1.732 kilovolts. 
By transmission formulas the copper section per line will be: 

1. Cir. mils = — = — r ^ in which 

D = 100x5280 X 1.02 ft., 2% allowed for sag in conductors, etc. 
W = 15,000,000 watts. 
K = 1330 for 0.9 power-factor, three phase. 
P = 10% loss. 
E = 50x1.732 kilovolts. 
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Consequently: 
100 X 5280 x 1.02 x 15,000,000 x 1330 

2. Cir. mils = To x (50,000 x 1 7 3 2 ^ = 1 4 3 ' 2 7 ° * 

143 270 X 3 
Weight of copper per mile of line = = 0876 lb. 

As shown in Fig. 1, the center of the high-tension windings 
is grounded. The electromotive force of the one-phase system 
may therefore be double that to ground and still retain the same 
strain upon the insulators as in the three-phase system. One-
phase conditions: 

Electromotive force 100 kilovolts. 
Power-factor 0.9 
Constant K 2660 for 0.9 power-factor, one phase. 

Therefore: 

Q n . 100 X 5280 X 1.02 X 15,000,000 X 2660 
3 - C i r - m l l s - i o x i o o , o o o 2 = 2 1 4 ' 8 9 0 -

w • 1 . r -i * r 214,890X2 n o t y n tl_ Weight of copper per mile ol line = —— =6876 lb. 

In order that the direct-current system shall be under the 
same conditions as the alternating current, the electromotive 
force to ground will be 50 0.707 or approximately 70.7 kilovolts. 
This will give practically the same strain on the insulators 
as would 50 kilovolts alternating current. By grounding the 
row of generators at the power and receiving stations, as pro
posed on the direct-current transmission from Monthoux to 
Paris, France, we have a potential of 141.4 kilovolts between 
line wires. 

According to formula 3, with K equal to 2160 for direct-
current, all other factors remaining the same, we obtain: 

A n . 100X5280X1.02X15,000,000X2160 
4 ' C i r ' m i l s = 10X141,400* = 8 7 ' 2 7 0 ' 

Weight of copper per mile of line = 8 7 , 2 7 ^ 2 =2792 lb. 

Comparing these results we find that as far as transmission ma
terial is concerned, the direct-current system is far more eco
nomical than either the three-phase or the one-phase system. 
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There is practically no choice between the latter two. Therefore, 
any advantage the alternating-current system may have, 
must necessarily be in the power house and the sub-station. 

Comparing now the three phase and one phase with a view 
of estimating the probable saving the latter would represent in 
line material. On the one-phase system there would be at least 
12 less insulators and pins per mile if steel towers were used, and 
44 on ordinary pole construction. At $2.50 per pin and insulator, 
this would mean an initial saving of $30, or $110 a mile for pins 
and insulators alone. The cross-arms, etc. of the one-phase 
line would probably be longer and heavier than those of the three-
phase line on account of the wires being farther apart, due to 
higher electromotive force, but this is more than compensated 
for by the poles being about 5 ft. shorter, since the upper wire is 
done away with. There is also the difference in cost in stringing 
wires—three wires on one system and only two on the other. 

POWER STATION SUB-STATION 
100 MILES 

LINE GROUNDED 

Fig. 2 

One of the most important advantages of the proposed 
system, with reference to continuity of service in case of trouble 
on transmission line, is shown in Figs. 2, 3, and 4. In Fig. 2 
the line is supposed to be grounded. The number of turns in 
the transformer windings is indicated in order to illustrate the 
effect of such an occurrence. With independent automatic 
circuit-breakers in each high-tension line at the power house 
and sub-stations—those at the power house operated by over
load time-limit relays, and the sub-stations supplied with reverse-
current relays operating with practically no time-limit—the 
affected line will be cleared by the short circuit. 

We have now a 50-kilovolt transmission in which the ground 
serves as one conductor. At the receiving end the ratio of trans
formation is doubled, but at the same time the electromo
tive force is reduced one-half. Consequently, the secondary 
potential will not be altered by one line being cut out of circuit 
on account of trouble or for repairs and inspection. In order 
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to raise the system to approximately its original capacity, the 
high-tension windings, being in two sections, are connected as 
in Fig. 3. 

Upon removing the trouble and connecting the transformers 
as in Figs. 1 and 2 it would appear that, by simply closing the 
switches upon the repaired line, normal operating conditions are 
resumed. Although this last operation might result in conditions 
that could only be learned by experience, the illustration will show 
that as long as one line remains upon the insulators the ser
vice will neither be interrupted nor the transmitting power of 
the line very much reduced. In the event of the above trouble 
occurring upon the three-phase or direct-current lines, the effect 
is different. With three phase the entire system will be 
interrupted; with direct current, one half the motor-genera
tors will stop. It will therefore be seen that the necessity of a 
duplicate line is much less needed on one phase than on either 
of the other systems. 

Owing to the high electromotive force of the alternating-
current system the space occupied by the high-tension bus-bars 
etc. as ordinarily installed would represent a considerable 
portion of the station. Consequently, a diagram of the station 
distribution, requiring small space but giving ample insulation, 
the high-tension lines being under oil, is shown in Fig. 4; although 
applicable to three-phase or one-phase, it will obviously present 
less complications when used with the latter. 

In Fig 4 are shown four independent transformer units placed 
in a single case partioned into four chambers. Each chamber 
contains a transformer, the switches necessary for its operation, 
and the interconnecting bus-bars between adjacent transformers. 
The lines C and D lead to low-tension generator bus-bars; A 
and B lead to high-tension line-switches which are controlled 
by overload relays; four lines, that is, A and B, being necessary 
in order to facilitate inspection or repairs of individual transform
ers while others are in operation. It will be seen that any trans-
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former may be cut out of circuit from adjacent units by the 
disconnecting switches S, which, under normal operating con
ditions are all closed; Sx and 5 2 indicate double-pole double-
throw remote-control switches for connecting the high-tension 
coils either in series across A and B or, in the event of trouble 
on one line, in parallel from ground G to the unaffected line. 

The interconnecting switches 5 3 and 5 4 connect the bus-bars in 
different chambers. Under ordinary operating conditions all 
transformer switches 5 X and 5 2 would be thrown to the right, thus 
putting the high-tension windings in series. In the event of line 
A being cut out, all switches, Sv could be thrown to the left 
there by placing the two windings in multiple from B to ground G\ 
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if line B is disconnected, all switches, S\ would be to the right 
and 5 2 to the left. Since the cooling coils have been dispensed 
with, the intention is to place the entire case in a pit surrounded 
by running water, or to have the oil withdrawn from case and 
cooled externally as is proposed in certain transmission plants. 

Notwithstanding all that has been said in favor of the one-
phase system it has several disadvantages. In the first place 
the generating apparatus costs more than three-phase, but less 
than direct-current apparatus. The inability of operating large 
induction motors is also a serious disadvantage which would 
necessitate the use of motor-generators in many cases. Then 
again, there might be greater liability of surges in the one-phase 
circuit due to the larger current carried by them, but the troubles 
accompanying star-connected transformers, as explained by Mr. 
J. S. Peck, are entirely eliminated. The number of transformers 
upon the system, as shown in Fig. 4, will be much less with one 
phase, and the entire switching apparatus is not only reduced 
but also greatly simplified. 

In the preceding suppositions the writer appreciates the fact 
that a number of factors which would enter into the design of a 
transmission system of such length and capacity have not been 
considered, the case taken being simply to illustrate a general 
theory of the proposed system. On comparatively short trans
missions, the disadvantages of one-phase operation and distribu
tion would no doubt counterbalance any advantage it presents. 
However, where very long lines are contemplated, such as the 
250-mile line in France, or electrifying railway systems in this 
country, one phase is not only the simplest, but unites max
imum reliability of service with a minimum number of trans
mission wires. 


